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Immunochemical Analysis of the Monoclonal Paraprotein in 
Scleromyxedema 
WATARU KITAMURA, M .D ., YOICHI MATSUOKA, M.D., SACHIKO MIYAGAWA, M.D., AND 
KUNIKI SAKAMOTO, M.D. 
Department of Dermatology and Clinical Laboratory Diagnostics, Nara Medical College, Kashihara, Nara, Japan 
The monoclonal paraprotein from a typical case of 
scleromyxedema was isolated and characterized. The 
isolated paraprotein was of the IgG-lambda class, with 
a molecular weight of approximately 110,000 daltons 
compared with 160,000 daltons for normal lgG. Immu-
nochemical studies indicated that the paraprotein was 
an incomplete IgG molecule which was missing a sig-
nificant antigenic portion of the Fd fragment. 
Scleromyxedema has been described as a varient of lichen 
rnyxedematosus [1,2]. The disease typically begins with lich-
enoid papules and then progresses to include diffuse thickening 
of the skin. In reviewing the literatme, great confusion exists 
regarding the diagnostic criteria for lichen myxedematosus. 
Recently, however, the following criteria were proposed [2,3] 
for the diagnosis of lichen myxedematosus; (a) presence of 
infiltrative skin lesions formed by the deposition of mucinous 
material in the upper dermis, (b) exclusion of thyroid dysfunc-
tion by clinical and laboratory means, and (c) demonstration of 
the characteristic paraprotein. Adherence to these specific di-
agnostic criteria facilitates study and eliminates the confusion 
inherent in the discussion of cases of such an ill-defmed disease 
process. 
In this paper, an abnormal paraprotein form a typical case of 
scleromyxedema was analyzed immunochemically and was 
found to have a significant portion of the Fd fragment deleted. 
MATERIALS AND METHODS 
Report of a Case 
In Augtist 1974, itchy red papules, involving t he dorsa of the hands, 
appeared on a 33-year-old female. She did not have any history of skin 
problems. The papules gradually extended over most of the body 
surface, accompanied by diffuse edema and thickening of the skin. At 
the time of hospital admission on October 2, 1976, the patient had 
extensive induration and thickening of the skin, mainly involving the 
face (Fig 1), the upper part of the trunk, the arms and legs with lesser 
involvement of the lower area of the torso. Except for the cutaneous 
lesions, her physical examinations were normal. 
Normal values were obtained for the following laboratory studies: 
complete blood cell count with differential cell count and blood smeru· 
urinalysis, platelet count, erythrocyte sedimentation rate, serum elec: 
trolytes, blood glucose, blood urea nitrogen, serum triglycerides, serum 
cholesterol, serum protein-bound iodine, radioactive iodine (1311) up-
take, total serum thyroxine, liver function tests serum albumin total 
serum protein, VDRL test for syphilis, and ECG. Chest x-ra~ ft.l.m 
showed a clear lung. field. 
Serum electrophoresis (cellulose acetate, pH 8.6) demonstrated a 
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monoclonal-type band (Fig 2). Electrophoresis of concentrated 24-hr 
urine (X400) was negative for Bence-Jones protein. Immunoelectro-
phoresis on agarose gel showed the abnormal protein to be IgG (Fig 3). 
A bone marrow aspiration specimen was interpreted as normal, and the 
number of plasma cells did not appear to be increased. Skin specimens 
stained with hematoxylin-eosin (Fig 4) showed an increased amount of 
mucinous material in the upper and middle layers of the dermis. The 
fibroblasts were widely separated from one another by the mucinous 
material. The mucinous material was metachromatic, stained densely 
with Alcian Blue, and digested completely with hyaluronidase at pH 
5.0. Direct immunofluorescence study of a skin biopsy specimen showed 
lgG deposition in the upper dermis. Indirect immunofluorescent tests 
for antibodies; antinuclear, antiintercellular, and antibasement zone 
antobodies were negative. 
The patient was treated with therapeutic courses of merpharan, 
corticosteroids, and cyclophosphamide without appreciable benefit. 
I solation and Characterization of the Monoclonal Paraprotein 
Monoclonal paraprotein was isolated from the sera of the patient by 
starch block electrophoresis at pH 8.6 and Sephadex G-200 gel ftltration 
in phosphate buffered saline solution, pH 7.2, 0.2 M (PBS) . Normal 
human lgG was prepared from pooled normal human sera by ammo-
nium sulfate precipitation and DEAE cellulose column chromatogra-
phy. The isolated proteins were concentrated by ultrafiltration and 
used for further experimentation. 
Immunodiffusion tests and in1munoelectrophoresis were performed 
as previously described [4]. Horse antihuman whole serum was pur-
chased from Hyland Laboratories, Los Angeles, Calif. Rabbit antisera 
against human lgG (Fab fragment specific), IgG (Fe fragment specific), 
lgG (Fd fragment specific), kappa-chain and lambda-chain were pur-
chased from Behringwerke A.G., Marburg-Lahn, West Germany. The 
antisera had been rendered specific for each peptide by appropriate 
absorptions. Anti human IgG serum was prepared by the injection of 
rabbits with IgG protein obtained from IgG myeloma patients. The 
antiserum was made gamma-heavy chain specific by absorption with 
lgA, lgM, kappa-chain and lambda-chain. The specificities of all anti-
sera were confirmed by immunodiffusion in 1% agar against purified 
lgG, lgA, IgM, lgG (Fab), IgG (Fe) , IgG (Fd), kappa-chain and lambda-
chain. 
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Ultracentrifugation was carried out in a Hitachi Model 282 ultracen-
trifuge. 
Isolated monoclonal and normal human lgG were digested with 
papain as originally described by Porter [5]. Digested fragments were 
separated from residual undigested protein and small peptides by gel 
filtration by Sephadex G-200 column in tris-HCI buffer, 0.2 M, pH 8.0. 
The fragments were analyzed by immunodiffusion and sodium dodecyl 
sulfate (SDS) polyacrylamide gel electrophoresis. These fragments 
were used unreduced. 
Molecular weights of papain digested fragments were determined by 
polyacrylamide disc electrophoresis (10%) in the presence of SDS [6]. 
Bovine serum albumin, myoglobin, ,8-galactosidase, chymotrypsinogen 
and egg-white lysozyme were used as markers. 
RESULTS 
The isolated monoclonal paraprotein was subjected to im-
munoelectrophoresis against specific antisera, viz; rabbit anti-
human IgG (gamma chain specific), Fab, Fe, Fd, kappa and 
lambda sera. On comparison with normal human lgG, the 
protein was found to be antigenically deficient in fragment Fd 
as shown in Fig 5. The light chains were typed as lambda. 
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FIG 1. Clinical picture of the patient. 
FIG 4. A photomicrograph of skin biopsy specimen of scapular lesion 
(HE, reduced from X 400). 
(+) 
FIG 2. Serum electrophoretic (cellulose acetate, pH 8.6) pattern of 
the patient's serum. Arrow indicates the monoclonal paraprotein. 
On ultracentrifugal analysis, the isolated monoclonal and 
normal lgG in PBS showed the sedimentation coefficients of 
6.68 and 6.86 (S20,w) respectively, indicating that the mono-
clonal lgG had a lower molecular weight than normal lgG. In 
calculating the approximate molecular weights from each sedi-
mentation coefficient, the former was 110,000 and the latter 
160,000 daltons. 
The presence of this protein in the serum as a smaller 
molecular weight than normal lgG, together with its antigenic 
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FIG 3. Immunoelectrophoretic pattern of patient's serum. Upper 
well; normal human serum. Lower well; patient's serum. Troughs; 
horse antiwhole human serum. 
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FIG 5. Immunoelectrophoretic pattern of the isolated monoclonal 
paraprotein against specific antisera. N; normal human IgG. P; isolated 
monoclonallgG. 
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FIG 6. Elution proflle of papain digested monoclonal lgG(P) a nd 
normal lgG ( N) on Sephadex G-200. Column size; 2 X 100 em, velocity; 
1 ml/hr, buffer; tris-HCl buffer, pH 8.0, 0.2 M, void volume = 260 mi. 
deficiency compared with other IgG proteins, suggested the 
presence of a significant structw-al abnormality. For fw·ther 
study of this, the papain digested fragments of monoclonal and 
normal human IgG were compared. The elution profile of the 
digested monoclonal IgG from a Sephadex G-200 column (2 .0 
X 100 em, 4°C) in tris-HCI buffer, PH 8.0, as determined by the 
absorbance at 280 nm of the effluents, showed two peaks P-I 
and P-11). Meanwhile, the elution profile of digested normal 
human IgG from the same column showed only one peak (N-I) 
(Fig 6). The peaks were collected independently, concentrated 
by ultrafiltration, dialyzed against PBS, and purified fw-ther by 
refractionation on a Sephadex G-200 column in PBS. 
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The molecular weight of e~ch fraction was determined by 
SDS polyacrylamide gel electrophoresis as follows; P-I: 50,000, 
P-11: 26,000, N-I: 54,000 and 49,000 (two bands). 
Concentrated P-I, P-11 and N-I were subjected to immuno-
diffusion tests against specific antisera as shown in Fig 7. P-1 
was reactive with anti IgG and anti Fe. P-11 formed no precip-
itation line against anti IgQ, anti Fab, anti Fe, or anti-kappa, 
but it elicited a sharp precipitation line against anti-lambda. N-
1 formed clear precipitation lines with all antisera, showing the 
presence of both Fab and Fe fragments. 
These results indicated that a significant structw-al portion 
which was responsible for the antigenicity of the Fd fragment 
was deleted from the monoclonal IgG of the patient. 
We did not test the paraprotein for IgG subclass by inlmu-
nologic methods due to the lack ofspecific subclass antibodies. 
DISCUSSION 
The studies reported above were carried out in an attempt to 
isolate and characterize the monoclonal paraprotein from a 
typical case of scleromyxedema. The isolated paraprotein was 
of the IgG-lambda class and had a molecular weight of approx-
imately 110,000 daltons which was significantly lower than 
normal IgG. This, together with the antigenic deficiency, when 
compared with normal IgG proteins, suggested the presence of 
a structw-al abnormality. Papain digestion of the isolated par-
aprotein did not yield Fab fragments but gave a fragment which 
was shown antigenically to be lambda light chain with a larger 
molecular weight than normal lambda chain. These results 
indicated that the paraprotein in the serum of scleromyxedema 
was an incomplete IgG molecule from which the significant 
antigenic portion of the Fd fragment had been deleted. 
A characteristic paraprotein in the serum of lichen myxede-
matosus was first described by McCarthy et al [7]. With excep-
tion for one reported case [8], all cases previously studied 
demonstrated the paraprotein to be IgG-lambda [9-15]. The 
paraprotein was emphasized to have marked basicity and an 
extreme cathodal position on routine serum electrophore-
sis [14]. 
Low molecular weight para proteins that apparently represent 
deletions involving various portions of heavy polypeptide chains 
have been described. Deletions have been found to occw- both 
within the Fd and Fe fragments. Immunoglobulins with partial 
or complete deletions of their Fd fragments have been defined 
as heavy chain disease proteins. These proteins have been 
described for all of the three major immunoglobulin classes: 
IgG, lgM, lgA [16,17]. Ow- studies presented evidence that the 
homogenous serum IgG protein isolated from a scleromyxe-
dema patient was very similar to the heavy chain disease 
proteins. 
The pathogenesis of scleromyxedema is unknown. Does the 
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FIG 7. Immunodiffusion tests on papain treated fragments of monoclonal (P·l , P-11) and normal IgG(N-1). I , rabbit antihuman lgG serum 
(gamma chain specific); 2, rabbit antihuma n lgG serum (Fe fragment specific); 3, rabbit antihuman lgG serum (Fd fragment specific); 4, rabbit 
a ntihuman lgG serum (Fab fragment specific); 5, rabbit anti-kappa-chain serum; 6, rabbit antilambda-chain serum. 
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paraprotein found in the serum invade the dermis and contrib-
ute to the skin abnormalities, or is it an incidentally associated 
phenomenon? This study showed the presence of lgG in the 
upper dermis and supported the former theory. The relation-
ship between the serum abnormalities and the increased hyalu-
ronic acid in the skin remains obscure. 
The authors wish to thank Dr. T. Matsuo and T. Okurnoto for 
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